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Abstract : Water flow from an artesian well stopped on December 17 , 2007 but recovered when the Wenchuan 
Ms 8. 0 earthquake occurred on May 12, 2008. This well is located 90 km south of the epicenter in an exten-
sional tectonic setting, where similar changes of water level and resistivity were observed at two other nearby 
sites. Our investigation suggests that this phenomenon was not caused by environmental disturbances, such as 
drought or borehole-drilling activity , but might be a precursor to the earthquake. 
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1 Introduction 
Water flow from an artesian well that had been continu-
ously flowing since its construction in December 1977 
stopped on December 17 , 2007 and subsequently recov-
ered at the occurrence nf the Wenchuan Ms8. 0 on May 
12 ,2008. This abnormal phenomenon has received con-
siderable discussion among researchers , and most of them 
contended that it was not related to the earthquake, but 
caused by drought or drilling nf new wells nearby1 '·'1 • We 
made a detailed investigation in the well area in August 
2010; the result shows, that the interruption might be re-
lated to the earthquake, as discussed below. 
2 Geological setting and observations 
of water level 
This well ( Chuan No. 22) is located on the west bank 
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of the NE-trending Raimo river, 5 - 10 m away from 
the river bed, in the piedmont hills of the Qionglai 
Mountains in the boundary region between the Tiantais-
han uplift and Chengdu basin and at the southwestern 
end of the NE-trending Longmenshan fault. Its geo-
graphical coordinates are (30. 32159°N, 103.28526° 
E) and elevation is 546 m. The Tiantaishan uplift is 
part of the eastern margin of the Bayan Hara block of 
the Tibetan plateau, whereas the Chengdu basin is part 
of western South China block (Figs. 1 and 5). 
Water level at this well was measured from August 
1986 to October 2004 with a mechanical gauge, which 
was replaced by a digital instrument on October 10 , 
2004. However, because of instrumental problems, 
useful data were not available till May 2007. A meas-
urement made at 11 a. m. on August 5 , 2010, showed 
a water level of 1. 02 m above the ground and a flow 
rate of 2. 027 Vs. 
3 Normal water-level variation and 
abnormal interruption 
Figure 2 shows the monthly average values of water level 
at the well and rainfall of this region during the period 
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Figure 1 Geological setting of the Chuan No. 22 well in Qionglai, Sichuan Province 
1990 - 2004. The water level had a long-term de-
scending tendency , except a co-seismic rise of 45 em 
in response to a local Ms4. 2 earthquake on August 6, 
2001. It also had an annual variation, seemingly dicta-
ted by rainfall with a lag of about two months. Mter re-
moving this delay , our regression analysis gave a corre-
lation coefficient of 0. 522 between the water level and 
the rainfall. 
The digital measurement from May 2007 revealed a 
steady water-level drop at this well. An interruption of 
water flow occurred on December 17 , 2007 , when the 
flow became intermittent. Then the flow stopped com-
pletely on December 29 till the occurrence of the Wen-
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Figure 2 Time series of monthly water level values of the 
Chuan No. 22 well and regional rainfall during 1990 -2004 
chuan Ms8. 0 earthquake on May 12, 2008, 90 km 
north of the well ( Fig. 5 ) . 
At the occurrence of W enchuan earthquake, the wa-
ter level oscillated with an estimated amplitude of about 
2 m and water flew out of the well. Mter the oscilla-
tion, the water level settled down at a level of 0. 52 m 
below the ground and the artesian flow of the well re-
covered. The co-seismic rise was estimated to be 
1. 3 m ( Fig. 3 ( b) ) . Several days later the water level 
began to descended slowly , but the flow has continued 
till present ( Fig. 3 ( c ) ) . This observation suggests a 
clear correlation between the abnormal variation and 
the Wenchuan earthquake. 
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Figure 3 Variations of water level at the Chuan No. 22 well 
before and after the Wenchuan Ms8. 0 earthquake ( 2008-{}5-12) 
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4 Possible causes for the water-flow 
interruption 
4. 1 Rainfall 
To check whether the observed water-flow interruption 
was rainfall related, we have made a detailed analysis 
of rainfall data of many years in this region. 
( 1 ) Characteristics of regional rainfall 
Records show that from January 1959 to September 
2009 the annual average raiofall in the Qionglai area 
was 1010. 5 mm. For the period 1990 -1999, the an-
nual rainfall varied between a maximum of 1459. 7 mm 
in 1990 and a minimum of 830. 2 mm in 1991 ( Tab. 
1). For the period from January 2000 to December 
2008 , the annual rainfall varied between a maximum of 
1206.2 mm in 2008 and a minimum of 742.0 mm in 
2006, with an average of 939. 3 mm (Tab. 2). Also a-
bout 83. 7% of the annual rainfall was concentrated in 
April to September each year. 
( 2) Rainfall and interruption of water flow 
Although the observed water level showed a delayed 
correlation with the amount of rainfall in both the multi-
year data given in the tables and seasonal variation 
shown in figure 2 , the intermption of artesian flow oc-
curred in 2007 , not in 2006 when the weather was the 
driest. Also , since the rainfall in August 2007 was quite 
large ( 340. 9 mm) , it is difficult to explain why the 
flow stopped ouly 4 months later in December, if the 
flow interruption was due to lack of rainfall. 
Furthermore, since the accumulated amount of rain-
fall from August to December 2007 was 35 mm more 
than the long-term average for the same interval, the 
beginning of flow interruption in December 2007 cannot 
be completely attributed to the lack of rainfall neither. 
Similarly , since the accumulative rainfall for the inter-
val January to April of 2008 was higher than the long-
term average of the same interval by nearly 30 mm , we 
cannot attribute the continued interruption of well water 
flow before the earthquake to lack of rain. Nor can the 
recovery of flow after the earthquake be explained. 
( 3 ) Variations of water level in other wells 
H the abnormal interruption of water flow were rain-
fall related , then this phenomenon should be observed 
also in other wells nearby. But this is not the case ac-
cording to an investigation made by the Earthquake Ad-
ministration of Qionglai. Figure 4 shows , for example , 
the water level recorded at a similar well ( Qionglai 
No. 10) about 11 km away (Fig. 1) , no interruption 
of flow occurred here. Nor was any interruption ob-
served at a spring (No. 75) about 4 km away. 
4. 2 Nearby drilling 
Our investigation showed that a planned drilling of the 
river bed for a well 200 m away was not implemented 
till2010; and when it was done the well was located at 
a place 900 m away. Thus no drilling was actually 
done before the flow interruption. 
Table 1 Annual rainfall during 1990-1999 in the Qionglai area, Sichuan Provinc:e(wait:mm) 
Year 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 Yearly average 
Precipitation 1459.7 830.2 1053.3 1023.4 1116.0 1120.4 1260.1 885.6 1223.8 1073.6 1104.6 
Table 2 Moothly rainfalls during Jaouary 2000 to De<ember 2008 in the Qionglai area, Sichuan Province( unit:mm) 
month 
year 
1 2 3 4 5 6 7 8 9 10 11 12 precipitation 
2000 14.3 24.8 30.6 90.3 20.4 125.7 175.0 269.7 115.8 33.5 30.9 10.1 941.1 
2001 19.3 7.8 13.1 95.9 45.5 116.5 133.8 288.3 167.2 37.6 19.9 12.4 957.3 
2002 28.8 5.8 37.8 80.9 135.0 102.9 233.8 51.7 97.4 64.2 29.7 8.8 876.8 
2003 2.2 6.0 13.0 97.8 78.1 98.2 134.6 393.3 57.9 19.8 1.3 5.6 907.8 
2004 18.7 8.1 80.8 29.5 107.8 157.6 139.3 145.7 60.9 66.6 28.2 7.0 850.2 
2005 15.5 13.5 36.2 50.8 226.0 151.8 227.5 251.8 111.0 24.0 22.1 6.7 1136.9 
2006 7.0 44.6 39.6 27.4 63.7 84.5 154.9 178.3 73.9 36.6 16.8 14.7 742.0 
2007 10.0 4.1 4.3 40.3 59.9 118.0 111.1 340.9 68.1 59.4 10.2 9.0 835.4 
2008 10.1 33.4 57.5 56.1 88.3 116.0 122.2 198.2 398.3 91.3 34.8 0.0 1206.2 
:hi]{D: 14.0 16.5 34.8 63.2 91.6 119.0 159.1 235.3 127.8 48.1 19.7 21.6 939.3 
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Figure 4 Curves of monthly average values of water 
level in the well Qionglai No. 10 and annual 
rainfall during 2000 - 2009 
5 Possibility of being a precursory a-
nomaly 
The possibility that this anomaly is a precursor to the 
W enchuan earthquake is supported by the well ' s loca-
tion in an area undergoing extension , and by some oth-
er data recorded at nearby sites within the same exten-
sional tectonic setting. GPS measurements made during 
1999- 2007[31 showed that the Bayan Hara block of 
the central Tibetan plateau was moving toward north-
east under the continued indentation of the Indian 
plate. Such motion was hampered by the South China 
block in the east. Consequently , the northern part of 
the Bayan Harar block ( roughly bounded by 30° N) 
continued to move toward north or northeast, while the 
southern part turned to southeast or south. Our well 
was located at this boundary, which was undergoing an 
extension state of tectonic deformation ( Fig. 5 ) . 
Some similar pre-earthquake anomalies were ob-
served at nearby sites around the southwestern end of 
the Longmenshan fault. The first is leveling measure-
ments made at the Pujiang station, which is 30 km a-
way along a line across the Xinjin-Chengdu-Deyang 
fault in the southwestern margin of the Chengdu 
plain [ 41 • As shown in figure 6 ( a) , a stable extension-
al activity of the fault since 1998 ceased in 2003. 
Since this fault is located on one edge of a depression , 
this change may imply extension of the interior of the 
depression. Our well was located on another edge, and 
thus it may have sensed this extension. The second 
case is the anomalous water-level drop observed at a 
well about 14 km away from our well during 2006 -
2007 [51 ( Fig. 6 ( b) ) . This well is located in the middle 
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Figure 5 GPS velocities in the Tibetan plateau with 
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(c)An eleclric-resistivity anomaly at Pixian earthquake station in Chengdu1'1 
Figure 6 Three anomaly cases in comparison with the 
waler level anomaly observed at the Chuan No. 22 well 
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of the above-mentioned depression. The third case is 
an anomalous decrease of electric resistivity observed at 
the Pixian station of Chengdu during 2006 - 2007 1 1l 
(Fig. 6 (c) ) . The resistivity decrease might have been 
caused by increased porosity in the aquifer as a result 
of crustal extension. 
Thus the abnormal interroption of water flow at the 
Chuan No. 22 well was not an isolated phenomenon; it 
occurred in a special dynamic context of the tectonic 
regiOn, and was companied by some other possibly pre-
cursory phenomena caused by the same mechanism 
( compression at the edge of the depression and exten-
sion at the center of the depression) . 
6 Conclusions 
The abnormal interroption of water flow in the Cbuan 
No. 22 well of Qionglai from December 2007 to May 
2008 cannot be attributed to regional lack of rain. Nor 
was it caused by nearby borehole drilling. Its relation 
with the Wenchuan earthquake is supported by three 
other anomalies observed in the same period in the 
same extensional tectonic setting. The reason why it 
bad been underappreciated or even ignored may be : 
( 1 ) water level can be affected by a variety of environ-
mental cbanges1' 1 ; (2) there had been a lack of de-
tailed in situ investigation ; ( 3 ) most researchers fo-
cused attention to fields or groups of anomalies but ig-
nored an anomaly at a single site. 
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